A mass isotopomer study of urea and glutamine synthesis from 15N-labeled ammonia in the perfused rat liver.
This study examines the incorporation of 15N from 15NH4Cl into urea and glutamine, predicts the pattern of isotopomers produced as a function of the 15N enrichment of the relevant precursor pools, and presents a means of determining the isotopic enrichment of these pools. Rat livers were perfused, in the nonrecirculating mode, with 0.3 mM 15NH4Cl, and the isotopomers of urea and of glutamine produced were determined by gas chromatography-mass spectrometry methodology. Three different nitrogen mass isotopomers of urea were found, containing no, one, or two atoms of 15N. Four glutamine isotopomers were found, containing no 15N, one atom of 15N in either the amino or amide position, or two 15N atoms. A mathematical relationship was deduced that predicts that the relative proportions of the urea isotopomers depends not only on the relative enrichment of 15N in the two precursor pools of urea nitrogen (mitochondrial ammonia and cytoplasmic aspartate) but on their absolute enrichment. This relationship was validated in experiments in which the isotopic enrichment of the substrate, 15NH4Cl, was varied. The proportions of the urea isotopomers produced can be predicted if one knows the 15N enrichment in the two precursor pools. We found that when the 15N enrichment of citrulline and aspartate in the perfusate were used as proxies for that in the mitochondrial ammonia and cytoplasmic aspartate pools we could accurately predict the relative proportion of the three isotopomers. The production of the four nitrogen isotopomers of glutamine could be used to determine the 15N enrichment in the two precursor pools of glutamine nitrogen, the cytoplasmic ammonia and glutamate pools of the perivenous hepatocytes.